Abstract. The automatic texture enhancement of metal fractographic SEM images is an important part of the metal failure analysis. In this paper, we present a texture enhancement method based on Gaussian high-pass filtering. We find the new method have more clear and useful than other approach in fractographic image. Experimental results show that the texture enhanced images can be classified easily in metal failure analysis process.
Introduction
Computer vision and pattern recognition technologies have been widely used in the field of industrial inspection, such as defect detection in tires [1] , textiles [2] , and steel [3] , as well as the automatic classification of industrial products [4, 5] . In this paper, we discussed the application of texture enhancement in image analysis technology in metal fractographic Scanning Electron Microscopy (SEM) images [6] . These images have rich texture information and reflect the microscopic appearance of the metal fracture and imply various information about the metal fracture process [7, 8] . More clearly texture in images means more easily in metal failure analysis process.
Some texture enhancement method has been reported in recent years, classical methods for include linear high-pass filtering, Canny edge detector [9] , fractional differential masking [10] , adaptive unsharp masking [11] . In this paper, we propose a new approach to fit this issue, which have been shown in Figure 1 . The remainder of this paper is organized in five sections to show the detail of method and the experiment result. Section 2 presents basic knowledge of metal fractographic SEM image. Section 3 shows the approach of texture enhancement. Section 4 present the experiment design and result. 
Metal Fractographic SEM Image
Metal fractographic SEM images are collected on the fracture surfaces of various types of metal failure structures. From these images, we can infer the status of and information on the metal fracture processes. These images are important tools for the analysis of metal failures. There are five types, namely Dimple, Cleavage, Quasi-cleavage, Intergranular and Fatigue, as shown in Figure 2 . All images shown in this paper were taken by Shandong Special Equipment Inspection Institution in Jinan, China, and were classified by a human expert. Different causes of metal failure can be inferred from metal fractographic SEM images as follows [6] . 1) Dimple represents the plastic fracture of the metal; the larger the dimple's size, the better is the material's plasticity. 2) Cleavage represents the occurrence of macroscopic brittle fractures, which generally occur at low temperatures, impact loads and stress concentrations. 3) Quasi-cleavage is a characteristic between cleavage and dimples, which often occurs near the brittle transition temperature; then the working temperature of the failed metal is similar to the brittle transition temperature. 4) Intergranular represents the propagation of metal cracks along grain boundaries and is usually a characteristic of brittle fractures. 5) Fatigue represents the fact that metals are subjected to alternating loads and stress concentrations may. In practical cases, these basic characteristics often occur in complicated combinations. Therefore, failure analysis needs to make use of as much information as possible. In particular, quasi-cleavage, as a special morphological property between cleavage and dimple, is difficult to detect. To the best of our knowledge there is no literature on the determination of quasi-cleavage.
Texture Enhancement Method
Metal fractographic SEM images are usually grayscale images, and different type of these images show different texture features. To facilitate classification, we reinforce these differences by enhancing texture information. In this part, we give the summary step of our method. 1) Let D 0 be an original image set, a weight w and P represent this algorithm, then Di = P(D 0 , w) is the new image set with enhanced texture information.
2) First, for each image I, perform median filtering with the filter template size is 4*4 to remove noise 3) Employ Fourier transform for each image I, we can get the Fourier domain image I f . 
6) Thought above step, the Fourier domain image I f will be processed and only contain main texture of original image have been saved in E f 7) We can show the edge by inversing Fourier transform on the image E f = ℱ −1 ( ) (4) 8) Again, perform median filtering with template size 4*4 on the texture image E to remove tiny edges.
9) At the final step, we add the texture image E to the original image I with weight w to obtain a new image I'. The weight w is between 1 and 20. 
Experiment
Experiment Initialization. In this experiment, we will make several comparison between the texture enhanced images with original images. Start of all, we employ a total of 1500 metal fractographic SEM images which are collected from real metal failure events. As described above, these images can be divided into five types: Dimple, Cleavage, Quasi-cleavage, Intergranular and Fatigue. In the data initialization phase, we unified its resolution to 256*256 and perform histogram equalization. All those processing run on the same hardware platform which based on 2.50 GHz 4-core CPUs, 16 GB RAM, Ubuntu 16.04 and MATLAB 2016b.
Enhanced Texture. We use MATLAB to implement this method and select several different weights to generate different enhanced images. Experiment result are shown in Figure 3 . Result Analysis. To show the effectiveness of texture enhancement, we compare the edge extraction result of original images and texture enhanced images. We select some typical image to show the result respectively. The result are shown in Figure 4 . From the experiment result, we can see that edges from texture enhanced images are richer than the original images and the texture are more clear and closed. That is effective for next automation processes of metal failure analysis. st column is the edge from original image, the 2 nd column is the edge from texture enhanced image; the 3 rd is the difference between the two edges.
Conclusions
Texture information of metal fractographic SEM image play an important role in metal failure analysis. In this paper, we propose a new texture enhancement method to enrich the texture. By the experiment, we show that the effectiveness of our method and generate more information in edge extraction process. In fact, any other images which have more texture information could be enhanced by this method, and the result could be used in defect detection, failure classification and other applications.
